The cerebellum is an exquisite anatomic structure within the human brain, which needs to be considered from the surgical standpoint because of its functional importance and common pathologies that affect this area 1 . It is possible to reach the cerebellum avoiding damaging neural structures by approaches which target tentorial, petrosal, or suboccipital surfaces. Each has its microsurgical particularities in order to reach the desired region and preserve neural structures 2 . In this article, we have presented the microsurgical anatomy of the suboccipital and supracerebellar approaches to the cerebellar surfaces using comprehensives anatomic and functional relations with the final objective of performing better operations with less damage to the cerebellar nucli and important deep pathways.
The cerebellum is an exquisite anatomic structure within the human brain, which needs to be considered from the surgical standpoint because of its functional importance and common pathologies that affect this area 1 . It is possible to reach the cerebellum avoiding damaging neural structures by approaches which target tentorial, petrosal, or suboccipital surfaces. Each has its microsurgical particularities in order to reach the desired region and preserve neural structures 2 .
In this article, we have presented the microsurgical anatomy of the suboccipital and supracerebellar approaches to the cerebellar surfaces using comprehensives anatomic and functional relations with the final objective of performing better operations with less damage to the cerebellar nucli and important deep pathways.
MetHODS
The dentate nucleus, cerebellar peduncles and their relationship with others cerebellar structures were studied in 20 adult cerebellar hemispheres, 12 male and 8 female corpses, obtained from São Paulo death verification service using X3 to X40 magnifications.
Histological and functional considerations
The cerebellum has a special cytoarchitecture, which makes it unique 3 . Histologically the cortex presents three layers of cells that involve a central white substance. These layers include the molecular, the Purkinje, and the granular cells. The only efferent cells are the Purkinje ones that end in the central nucleus playing an inhibition action. The layer in contact with the white substance is constituted of granular cells. Two different kinds of afferents cerebellar fibers arrive to the cerebellar cortex: the fibers that interconnect the caudal olives with the purkinje cells (olivocerebellar tract) and the myelinic fibers that come to an end in the granular layer (pontocerebellar, spinocerebellar, and vestibulocerebellar tracts) 4 . The Purkinje cells are the main afferents of the cerebellar nucleus and most of the efferent fibers from the cerebellum come from these nuclei; there are four nuclei in the cerebellum, which includes from medial to lateral, the fastigial, globose, emboliform, and dentate nucleus 1, 2 . The cerebellum can be longitudinally subdivided as follows: a midline zone, containing axons projecting to the fastigial nucleus and connecting with the vestibular nucleus and reticular formation; an intermedial zone, projecting to the nucleus interpositus (globose and emboliform) and connecting with the contralateral red nucleus and thalamic nucleus with impulses to the cerebral cortex; and a lateral zone, containing axons to the dentate nucleus, which course to the contralateral thalamic nucleus that transmits impulses to the cerebral cortex. Functionally, this nucleus controls a different type of movements: the fastigial controls posture and gait; the nucleus interpositus controls segmental reflexes and assists the initiation of movements; and the dentate nucleus controls fine dexterity. One of the main important features of the cerebellum is its control on the automatic excitation of antagonist muscles at the end of the movement with simultaneous inhibition of the agonist muscles, which initiated the movement 5 . Afferent fibers from the brain stem project to the cerebellum by the inferior, middle, and superior cerebellar peduncle. Afferent fibers from the medulla carry the anterior and posterior spinocerebellar tract that project to the cerebellum by the superior and inferior cerebellar peduncles. The pontine fibers from the pontine nucleus project to the cerebellum by the middle cerebellar peduncle. The cerebello vestibular fibers, from the vestibular nucleus, project to the cerebellum by the inferior cerebellar peduncle. Most of the efferent fibers from the cerebellum go to the superior cerebellar peduncle 4, 5 .
Anatomic considerations
Anatomically, the cerebellum can be considered as a three-surface triangle: tentorial, suboccipital, and petrosal surfaces 2 . The posterior-superior or tentorial surface is the most regular of all surfaces. It is surrounded superiorly by the tentorium and posteriorly limited by the lateral sinus and laterally by the sigmoid sinus; the division between the lateral and sigmoid sinus is located at the junction with the superior petrosal sinus. The tentorial surface has two incisures in the midline: the anterior one is related to the brain stem and the posterior incisure is related to the falx cerebelli. There are two fissures on the tentorial surface, which divide this surface into anterior, middle, and posterior parts. The anterior fissure is the tentorial one and the posterior fissure is the postclival one. The vermian surface is the most superior part of this surface.
The posterior inferior or suboccipital surface is located down the lateral sinus and inferomedially to the sigmoid sinus 6 . The falx cerebelli extends from the tentorial surface above to the inferior part of the middle suboccipital surface, the falx overlies a vertical depression that is medially formed by the vermis, laterally by the medial aspects of the cerebellar hemispheres and continues inferiorly with the vallecula cerebelli. When it is viewed from a posterior position, the only part of the vermis that is uncovered on this surface is at the side where the pyramid meets the uvula, located down this surface. There are two fissures on the suboccipital surface that divide it in superior, middle, and inferior parts. The superior fissure is the petrosal and the inferior is the suboccipital one. The tonsils are the most prominent hemispheric structures of the suboccipital surface, located inferomedially. The tonsils are ovoid structures, which have a middle vertical size of 13.5 mm (range from 10 to 18 mm) and a wide size of 7.8 mm (range from 5 to 10 mm). The tonsils have an implantation base to the suboccipital surface of the cerebellum at the superior lateral border and they are superoanteriorly related to the inferior medullary velum and tela choroidea, laterally to the biventral lobule, superolaterally to the tellovelotonsilar cleft, posteriorly and inferiorly to the cistern magna, medially to the vallecula cerebelli, superomedially to the uvula, and anteriorly to the medulla 2,7 (Fig 1) . The tentorial surface is related to the superior cerebellar artery, which arises at the pontomesecenphalic junction, encircles the brain stem, and is directed medially and backward to the tentorial surface. The artery runs as a single trunk up to the lateral pontomesencephalic segment, where the artery commonly divides into two trunks: the superior runs within the mesencephalic fissure, passes down to the inferior colliculus, and continues posteromedially to the superior half of the fourth ventricle. The inferior trunk also runs within the anterior part of the mesencephalic fissure, but shortly, the artery turns superolaterally to the tentorial surface. The branches of these trunks give off the precerebellar arteries which course medially from the mesencephalic fissure to the superior peduncle and dentate nucleus. The anterior inferior cerebellar artery (AICA) arises at the anterior pontine level; passes around the cerebellopontine fissure and goes to the pontomedullar segment, dividing into two trunks. The rostral trunk passes between the facial and vestibulocochear nerves and around the superior part of the flocculus to supply the middle peduncle. The caudal trunk passes below the flocculus near the IX and X nerves to supply the petrosal surface. The posterior inferior cerebellar artery (PICA) arises at the anterior medullary level, passes around the medulla, crosses the inferior cerebellar peduncle, enters the cerebellomedullar fissure, where it is closely related to the inferior half of the fourth ventricle, and exits the fissure to supply the suboccipital surface 8 . The veins of the cerebellum are divided into superficial and deep. The superficial group is divided into tentorial, petrosal, and suboccipital veins. The tentorial surface veins are drained by the superior hemispheric and vermian veins, which empty into the vein of Galen and the tentorial sinuses. The petrosal surface veins are drained by the anterior hemispheric veins, which empty mainly into the superior petrosal sinus. The suboccipital surface veins are drained by the inferior hemispheric and inferior vermian veins, which commonly empty into the tentorial sinuses. The deep veins are divided into: the vein of the cerebellomesecephalic fissure that is related to the superior half of the roof of the fourth ventricle; the vein of the cerebellomedullary fissure that is related to the inferior half of the roof; and the vein of the cerebellopontine fissure that is related to the laterals walls of the fourth ventricle. The veins of the three peduncles also course within these fissures.
The vein of the superior cerebellar peduncle courses in the cerebellomesencephalic fissure; the one from the middle cerebellar peduncle courses in the anterior part of the cerebellopontine fissure; and the one from the inferior cerebellar peduncle courses in the cerebellomedullary fissure. In general terms, the vein of the cerebellomesencephalic fissure and the vein of the superior cerebellar peduncle drain into the vein of Galen; the veins of the cerebellomedullary fissure and inferior cerebellar peduncle drain into the petrosal veins; the veins of the cerebellopontine fissure and of the middle cerebellar peduncle also drain through the petrosal ones 3, 6 .
reSultS
After our research, we could conclude that the lateral border of the dentate nucleus is separated from the midline by an average of 19.5 mm in the right hemisphere (range -from 17 to 21 mm) and 19.5 mm in the left ones (range -from 14 to 23 mm), as seen in Fig 2. The dentate nucleus has a unique shape. It is oriented in craniocaudal direction and from lateral to medial. It is helpful to consider the dentate nucleus with upper and lower surfaces, and three segments. The upper surface is related medially to the superior cerebellar peduncle and faces the vermis at the junction of the cumen and declive. The upper surface is bordered laterally, anteriorly, and posteriorly by the fibers of the middle cerebellar peduncle. At the basal surface, the dentate nucleus is related anteriorly to the caudal segment of the flocculus, medially to the telovelotonsillar cleft and posteromedially to the superior pole of the tonsil and the lateral border of the uvula in its posterolateral third (Fig 3) .
The distance from the posterior extreme of the uvula to the posterior segment of the dentate nucleus is on average 16.2 mm (range -from 13 to 20 mm). The posterior border of the cortex is separated on an average of 23.3 mm (rangefrom 20 to 29 mm) from the posterior segment of the dentate nucleus; the lateral border of the cortex is separated on an average of 26 mm (range -from 15 to 32 mm) from the lateral border of the nucleus; and the posterior segment of the dentate nucleus is separated on an average of 25.4 mm (range Fig 2. Basal surface of the cerebellum. The left and right cerebellar hemispheres have been removed to expose the dentate nucleus and its relationship with the tonsils. 1: uvula; 2: dentate nucleus; 3: tonsil; 4: vallecula.
-from 17 to 31 mm) from the posterolateral angle, which is formed by the junction of the lateral and posterior borders of the cerebellar hemisphere (Fig 4) .
The distance from the inferior pole of the tonsil to the level of the basal surface of the dentate nucleus is approximately 19.4 mm on the right side (range -from 18 to 22 mm) and 19.4 mm (range -from 16 to 25 mm) on the left one, as seen in Figs 5 and 6 .
From the basal suboccipital surface to the tentorial one, the association fibers of the white matter start to form thick laminae or lobular peduncles at 10 mm (range -from 0.8 to 1.4 mm) from the superior pole of the tonsil. The cortex of the cerebellum is not divided into gyri, but instead into numerous folia. According to Lange, the cortical portion of the cerebellum forms about 67% of the total surface area. In this study, the lateral border of the cerebellar cortex is separated on an average of 14.8 mm (range -from 10 to 25 mm) at the level of the dentate nucleus, from the subcortical white matter or lobular peduncle; and the posterior border of the cerebellar cortex is separated on an average of 15.4 mm (range -from 0.8 to 24 mm), from the subcortical white matter (Fig 7) .
DiScuSSiON
From a surgical perspective, it is helpful to consider the cerebellar hemispheres as a three-component structure that can be divided into median, paramedian, and lateral zones. The median zone extends from the lateral border of the vermis to the lateral one of the dentate nucleus; the paramedian zone extends from the lateral border of the dentate nucleus to the junction of the white matter substance and the cortex; Notice that the distance from the middle line to the lateral border of the dentate nucleus is 19.5 mm and 38º is the angle of separation from the middle line to avoid the dentate nucleus during the surgical resections. Also, the distance from the middle line to the lateral border of the tonsil is approximately 16 mm. and the lateral zone is the cortex. This is based on similar structures related in each zone 9 . The cerebellum is connected to the brain stem by three large cerebellar peduncles, each peduncle displays a special shape that creates a particular stratification in the cerebellar hemisphere; the relations between the peduncles, the cerebellar cortex and the cerebellar nuclei are extremely important to access the cerebellum 10 . The white matter of the cerebellum forms a central core, which receives afferent fibers from the cortex; these fibers create laminae of white matter that comes from the cortex to the central core. The pathways and the central core have variable shapes in each cerebellar hemisphere, but the Fig 6. The right cerebellar hemisphere has been sectioned to show the different relationships of the dentate nucleus to the nearby structures. The distance from the lateral border of the dentate nucleus to the middle line is on an average of 19.5 mm; the distance from the inferior pole of the tonsil to the basal surface of the dentate nucleus is on average 19.4 mm and 38º is on average the angle of separation from the middle line to lateral border of the dentate nucleus. The cerebellar hemisphere has been partially sectioned to show the cortex and the subcortical area at the level of the dentate nucleus. The lateral border of the cerebellar cortex is separated on an average of 14.8 mm, at the level of the dentate nucleus from the subcortical white matter; and the posterior border of the cerebellar cortex is separated on an average of 15.4 mm from the subcortical white matter.
relations with the deep cerebellar nuclei and with the cortex are more constant. The cerebellar peduncles are connected to the white matter within the ventral and posterolateral aspects of the cerebellum; the superior cerebellar peduncle follows an ascendant trajectory to the mesencepahlon, its tract fibers run from the posterolateral segment of the hemisphere to the superior pole of the dentate nucleus, bordering the lateral aspect of the ventricle roof and medially relating to the superior medullary velum, their straight up bundles are always medial to the dentate nucleus and located in the median zone. The middle cerebellar peduncle has the widest posterolateral projection and it is almost always located in the paramedian zone; it follows a descendent course from the pons. The fibers of the middle cerebellar peduncle can be divided into superior, middle, and inferior. The superior part of the fibers crosses the inferior third of the superior peduncle and runs alongside the median aspect of the dentate nucleus. The middle part of the fibers course posterolaterally alongside the lateral segment of the dentate nucleus around the hemisphere. The inferior tract fibers of the middle cerebral peduncle follow a descendent course and are closely related to the fibers of the inferior cerebellar peduncle at the rostral pole of the dentate nucleus. The inferior cerebellar peduncle ascends alongside the lateral recess and floor of the fourth ventricle with most of its fibers distributed mainly to the rostral pole of the dentate nucleus, these tract fibers are medially related to the dentate nucleus and are mainly located in the median zone. There is an extraordinary medical significance attached to the nuclei of the cerebellum and, among these, particularly to the dentate nucleus 3 . The dentate nucleus is the most lateral nucleus of the cerebellum and it is located in the median zone of the hemisphere. The high frequency, in which the cerebellum is operated, exposing the cerebellar hemispheres, increases the importance of thorough understanding of anatomical and functional features of the cerebellum and their relationship with the deep nucleus 8, 10 . The suboccipital and supracerebellar approaches have been used for lesions in the suboccipital hemispheres and vermis and they have also been adapted for lesions located in the quadrigeminal cistern. In planning operative strategies to tumors of the cerebellum, arteriovenous malformations (AVMs) and other pathologies, it is helpful to consider operative landmarks for localizing avoidable structures [10] [11] [12] [13] . If we examine the suboccipital surface of the cerebellum carefully, the best anatomic landmarks are the tonsils, uvula, and middle line 11 . The lateral border of the dentate nucleus is separated on an average of 26 mm from the lateral border of the cerebellum, 23 mm from the posterior border of the cerebellum and 25 mm from the posterolateral angle. Therefore, these parameters are actually the medial and posterior limits of the resection and they are easily intraoperatively identified. If a line is traced from the posterosuperior angle of the uvula to the posterior part of the dentate nucleus, there is an average distance of 16 mm and with 38º of separation from the middle line (range -from 30 to 42 grades), almost the entire dentate nucleus will stay above and medial to this line.
The best anatomic landmark for the superior limit of the removal is the tonsil and the telovelotonsillar cleft. Also, the dentate nucleus is approximately situated, lateral from the middle line at the level of the posterosuperior angle of the uvula. However, during the resection, only the inferior pole of the tonsil is well-visualized. The inferior pole of the tonsil is separated on an average of 19 mm from the basal surface of the dentate nucleus, and the tonsil has a superolateral implantation base that is at the middle level of the dentate nucleus. When viewed from its medial aspect, the lateral border of the dentate nucleus is separated on an average of 19 mm from the middle line, and the basal surface of the dentate nucleus is located at the telovelotonsillar cleft. Thus, 19 mm from the middle line is actually the middle limit of the hemispheric resection.
Difficulty on performing a tentorial surface resection is evident. Useful landmarks to be followed during this stage of surgery are the fissures and the vermis. The dentate nucleus is located anteriorly to the tentorial fissure and the lateral border of the nucleus is separated on an average of 18.5 mm from the middle line. The nucleus is located at the junction of the upright surface with the flat one. The distance from the dentate nucleus to the level of the tentorial surface is approximately 17 mm.
In conclusion, the thorough knowledge of cerebellum anatomy has a tremendous neurosurgical importance. When dealing with the cerebellum, it is judicious to devise in advance a comprehensive plan of surgical approach and exposure that offers adequate response to all of the foreseeable postoperative complications, which may potentially prejudice the patient's optimal outcome.
